Introduction
The greatest challenge of 21 st century in many developing countries is to produce the basic necessities namely food, fuel and fiber for human consumption and fodder for rearing domestic animals from the limited available land without soil degradation and at the minimum amount of agriculture inputs. The availability of land for agriculture is shrinking everyday as it is increasingly utilized for non-agriculture purposes while physical and chemical properties of soils are day to day changing improperly which affect production and suitability of the soil to different many crops. Under this situation, one of the important strategies to increase agriculture production as well as to improve and sustain soil properties is the development of high use efficiency of all sources of nutrients available. Most of higher plants have the ability to form arbuscular endomycorrhiza (AM); a symbiotic association of the plant root with fungi belonging to the order of Glomales. These fungi grow towards the inner cortical cells of the root where they differentiate into highly branched structures, the arbuscules. In AM symbiosis, the fungus also forms hyphae outside the plant and these provide a connection between the soil and the inner part of the plant and they facilitate the uptake of nutrients such as phosphate [1] . In contrast to AM formation and establishment, only a few plant species have the ability to interact symbiotically with bacteria of the genera Azorhizobium, Bradyrhizobium, Rhizobium and Sinorhizobium (here collectively called Rhizobium). This interaction is almost completely limited to leguminous plants and results in the formation of a completely new organ, the root nodule. In these nodules the bacteria are hosted intracellularly and there they find the ideal environment to reduce atmospheric nitrogen into ammonia, a source of nitrogen which can be used by the plant [2] . Furthermore, some host genes are induced during the initial steps of both interactions. In the first part of this overview, the rhizobium-plant interaction is described with an emphasis on factors that determine the specificity of the interaction. In the second section, AM formation is described as well as the common aspects of both symbioses. Dual inoculation with both rhizobium and AM Fungi results in a tripartite mutualistic symbiosis and increases plant growth to a greater extent than inoculation with only one of them [3] . Soil microorganisms are paramount in the biogeochemical cycling of both inorganic and organic nutrients in the soil and in the maintenance of soil quality. In particular, microbial activity in the rhizosphere is a major factor that determines the availability of nutrients to plants and has a significant influence on plant growth as well as soil health and productivity. It is very important to understand the basic principles of rhizosphere microbial ecology, including the function and diversity of the microorganisms that reside there, before soil microbial technologies can be applied. Both rhizoidal and mycorrhizal symbioses share some signaling pathways, indicating intimate interactions between all three partners during co-evolution [4] . Generally, the rhizospheric soil contains many types of microorganisms such as bacteria, actinomycetes, fungi, and algae. These are important microorganisms because they affect the soil's physical, chemical, and biological properties. The plant root-soil interface is a dynamic region in which numerous biogeochemical processes take place driven by the physical activity, and the diversity of chemicals released by the plant root and mediated by soil microorganisms. Understanding and harnessing the influence of AM fungi and Rhizobium inoculation on growth of the crop, root morphology and chemical properties of Rhizospheric soils in was the challenge of this review.
II. Soil And Rhizosphere
Many soil microbes originate in the soil or are closely associated with the soil environment and have substantial impact on mankind [5] . Soil microorganisms inhabiting the Rhizosphere environment interact with plant roots and mediate nutrient availability, e.g. those forming useful symbiotic associations with the roots and contribute to plant nutrition and chemical properties of the soil. Implications of plants and their symbionts like mycorrhizal fungi, N-fixing rhizobia, and free living rhizosphere population of bacteria which promote plant growth need to be fully exploited and encouraged by inoculating nutrient poor agricultural soils with appropriate microbes [6] . The plant Rhizosphere is the major soil ecological environment for plant-microbe interactions involving colonization of different microorganisms in and around growing roots which may either result in associative, symbiotic, neutralistic, or parasitic interactions depending upon plant nutrient status in soil, soil environment, plant defense mechanism, and the type of microorganism proliferating in the rhizosphere zone. Finding the microorganisms very close to epidermis, plants secrete signal molecules for protection against invasion of the heterogeneous microbes in the root zone, and at this stage the differentiation takes place between pathogenic, associative, symbiotic, or neutralistic adaptation of microbes with the plant [7] . The plant signal molecules produced in response to microbial adhesion are the flavonoids and flavones which are secreted in the rhizosphere bacteria and some remain attached to plant cell walls to act as antimicrobial agents (phytoalexins). In legume-Rhizobium symbiosis, the rod-shaped soil bacterium, Rhizobium, induces nitrogen-fixing nodules on the roots of leguminous plants. In this process, dinitrogen which is chemically inert and makes up approximately 80% of the volume present in the earth's atmosphere is reduced to ammonia by the bacterial enzyme nitrogenase.
III. Microbial Inoculants And Biofertilizers
Traditional use and importance of chemical fertilizers in agricultural production cannot be over emphasized, but with fertilizer costs going up, their effect on plant and soil chemical properties and health, generally in parallel to increase in energy costs, these need to be supplemented or substituted with cheaper available alternatives such as beneficial microbial inoculants, biofertilizers and organic amendments to improve soil quality, fertility, biology and agricultural productivity due to greater production of the crops [8] . Biofertilizers contain different types of microorganisms, which have an ability to convert nutritional important elements from unavailable to available for through biological processes in soil [9] . Biofertilizers have emerged as a potentially important component of the integrated soil nutrient supply system and hold great promise to improve crop yields [10] . Microbial inoculants and biofertilizers are an important component of organic farming accounting for about 65% of nitrogen supply of crops worldwide. In comparison with chemical/synthesized pesticides and fertilizers, microbial inoculants for biofertilizers have several advantages [11] including: Greater relative safety Potentially reduced environmental damage and human health risk, Mulch more targeted activity, effectiveness in small quantities, capacity for self multiplication while being controlled by the plant as well as by indigenous microbial populations, faster decomposing than conventional or integrated pest management system and ability to be used in conventional or integrated ; pest management systems.
IV. Mycorrhiza And AM Funfi
Majority of plants growing under natural conditions have fungal associations with their roots and such 'fungus-roots' are called mycorrhizae. The mycorrhizae may be categorized as ectotrophic or endotrophic according to the major area of fungal colonization in the roots. The fungal partner in endotrophic mycorrhizae may belong to different groups. The endotrophic mycorrhizae formed by the non-septate phycomycetous group is called vesicular-arbuscular (VA) mycorrhiza [12] .Vesicular arbuscular mycorrhiza (VAM) represents a symbiotic fungal association. VA mycorrhiza occurs on most of the plants and is found in extremely diverse groups of them; moreover, they are common among a large number of agricultural crops. Since certain species of VAM fungi do not have vesicles, Arbuscular Mycorhhizae (AM) is the better general term for those species. The association between AM fungi and plants evolved through ages and has attained the present status. Although the interactions between AM fungi and host plants are well documented, the details of ecology of mycorrhizal fungi, especially the dynamics of AM fungi within roots as well as in the soil are yet to be studied. Therefore, detailed studies of AM fungal relationships with crops are essential for successful utilization of them in plant growth promotion and sustainable soil management procedures. AM fungi are cultured and survive with the presence of their host system and are therefore obligate associates within their host plants. As research on mycorrhizae is in progress all over the world, new species are added to the list of AM fungi (AMF) and at present the total number of species is about 200.
V.
Factors Influencing AM Development 1. general soil characteristics and amf It was reported the effect of edaphic factors on AM fungi and revealed that indigenous strains of mycorrhizal fungi are more adapted to the edaphic factors, and AM fungal strains that are more efficient but alien to the local environment may not perform well due to lack of adaptation [13] . Among different soil parameters, soil texture influence spore germination and hyphal growth so that any specific AM population develops according to the prevailing soil texture. It was reported that cultivation of host plants favour increased sporulation, while non host plants decrease them; increased N fertilization and fungicides caused inhibition of sporulation in AM fungi. It was suggested that chemical fertilizer application of the soil leads to establishment of inferior mutualistic AM fungi and hence reduced benefits to the host plant. Effect of soil toxicity on development of mycorrhiza in tree nurseries was reviewed [13] .
fertilizers and organic substances
Application of super phosphate to mycorrhizal plants stimulated sporulation of P-tolerant AM fungi, while others resulted to the reduction in sporulation. Soil fertility affects soil-plant interaction, which in turn affects plant-fungus interaction and could subsequently affect mycorrhizal colonization and spore numbers [13] . It was reported that AM colonization became inhibited with cellulose amendment of soil [14] . AM spore density, percentage infection and intensity of infection were increased by organic amendments.
soil moisture
Soil moisture influences the AM infection in roots and the distribution of spores [15] . The paucity of infection developing in waterlogged soil is probably due to insufficient oxygen. Water logging substantially reduces the number of spores in mangrove soil and abolishes mycorrhizal infection. Poor sporulation and root colonization were noticed in high moisture availability.
biotic communities, crop rotation and community succession
There are reports on the effect of root exudates of high plants on mycorrhizal infection. Absence of sugar in the root exudates of some wheat varieties resulted in the absence of mycorrhizal infection. AM infection contributed to the decreased total sugar content of the root of wheat. Crop rotation causes large changes in mycorrhizal fungal communities. The effect of crop rotation on diversity and functionality of AM fungi was reported [16] . This is due to the fact that biotic factors exist in non-treated agricultural soils that influence the sporulation and inoculum density of AM fungi.
VI. Endomycorrhizal Symbiosis And Common Aspects Of Both Interactions
In nature, most plants do not only have roots; instead they have mycorrhizae, the symbiotic association of a fungus and plant roots. AM are by far the most common root endosymbiotic association, and are formed between the roots of most higher plants and fungi belonging to the order Glomales. AM fungi are obligate biotrophs and strictly dependent on their host plant for survival. As with the Rhizobium-legume interaction, this symbiosis is set in motion by the exchange of signals between the two symbionts, although the nature and the mechanism of action of these molecules are unknown. Exudates from a host root, especially (iso) flavonoids, enhance spore germination, and elongation and branching of hyphae [16] . The plant accommodates the invasion of the fungus by secreting new cell wall material which surrounds the infecting hyphae. In the inner cortex, the fungus invades cells and there they differentiate into highly ramified structures, the arbuscules (Fig) . These structures are thought to facilitate the exchange of nutrients between both organisms. Although arbuscules occur intracellularly, they are never in direct contact with the cell cytoplasm. A perifungal membrane, originating from the plant plasma membrane invaginates and surrounds the arbuscules. During the formation of arbuscules, the plant cell becomes cytoplasmically dense, its vacuole fragments, and the number of Golgi bodies increases. Furthermore, the nucleus moves to a more central position in the cell [17].
interactions between am fungi and host plants
Mycorrhiza represents physiologically well balanced reciprocal relationships and without mycorrhizal associations most plants would not be able to survive in the competitive communities found in natural soil habitats. Mycorrhizal fungi through cohabitation with plant roots have developed a more secure food supply [16] . Plants receiving a balanced nutrient solution without P consistently had the greatest percentage of root length colonized by AM fungi. It was confirmed the carbon transfer between the root system of neighbouring plants connected by common mycorrhizal network [18] . The interplant hyphal bridges formed by VA mycorrhizal mycelia and confirmed that AM infection can provide channels for direct interplant nutrient transfer. It was found that plant nitrogen stress affects the host root colonization by AM fungi [19] . According to the same authors, nutrient transport in mycorrhizal symbiosis is bidirectional, with flux of phosphate to the plant and carbohydrate to the fungus across specialized plant-fungus interfaces which indicates a carbon drain from the host, but that does not affect the productivity of the host as the mycorrhizal association enables better nutrient and water absorption.
am fungi and root relationships
AM fungal hyphae can prolong viability after root death and dried mycorrhizal roots can act as propagules [20] . In terms of morphogenetic modification induced by the AM mycorrhizal fungus in the host root system, it was observed that the roots of mycorrhizal plants became progressively more branched, branching increased linearly with mycorrhiza, and there is significant reduction in the mitotic index in the apical meristems of AM infected roots [21] . Moreover, the roots become numerous and shorter in AM infected plants than those of controls. beneficial effect of mycorrhiza is of special importance to those plants having a coarse and poorly branched root system since the external hyphae can extend as much as 8 cm away from the roots, absorb nutrients from a much larger soil volume than the absorption zone surrounding non mycorrhizal roots. Research reported that root hair length and abundance are good predictors of the beneficial effect of Glomus species [22] . It was observed that alteration of root longevity can be induced by AM fungi and colonized roots survived for a shorter period than non-colonized roots [23].
am fungal colonization and its importance to the host plants
Studies on AM fungal colonization in different plants by different AM fungi have come out with differential responses. Research reported that plants receiving balanced nutrient solution without P consistently had the greatest percentage of root length colonized by AM fungi [24] . They observed that soy bean roots from most soils in spite of some soils having very high soil P levels were extensively colonized by AM fungi. AM fungi associated with plants on the burned sites are likely to be a carbon drain on the host plants and may not benefit from their AM fungal association especially early in the growing season. Various aspects of mycelium of different genera of AM fungi. According to them the coexistence of several species of AM fungi belonging to different genera may lead to various states of compatibility between the fungus and the plant depending on the growth phase and physiological state of the host plant. They also emphasized the need of further in-depth studies of disturbed plant ecosystems to assess the real factors responsible for stable symbiotic relationships in mycorrhiza. It is suggested that there is an incompatible reaction between non-mycotrophic annual and AM fungus, where the plant actively rejects infection [25].
am and plant growth responses
Inoculation of AM fungi had no effect on shoot dry weight, but increased area and dry weight of leaf blades and caused higher rate of transpiration in AM plants [26] . In common beans the increase in leaf area due to mycorrhizae and increased soil application of P were similar. It was observed that diversity of AM fungi in the soils might contribute to high crop productivity as the plants with mycorrhizal colonization may be able to resist environmental stresses better. It was also found that effects of mycorrhizal inoculation varied from soil to soil depending on the extent to which the effectiveness of indigenous and introduced endophytes was enhanced by P optimization. Subsequently, same others reported significant increase of dry biomass of Acacia nilotica inoculated with AM. During early stages of colonization the AM fungi may trigger the defense mechanism of the host plant that enables protection against root pathogens in cabbage [26] . Significant increase in the dry weight and P content of Amorpha crenulata and Jacquemontia reclinata due to AM fungi in native soil low
am fungi and rhizosphere microorganisms
Mycorrhizal inoculation could improve plant utilization of sparingly soluble tricalcium phosphate. But PSB inoculation could not improve phosphatic fertilizer utilization. However, PSB inoculation resulted in increased shoot nitrogen content and increased mycorrhizal infection. It was shown direct and indirect effects of AM fungi and rhizosphere microorganisms on acquisition of mineral nutrients by maize and found that mycorrhizal treatments enhanced the uptake of P, Zn and Cu. Bacteria from rhizosphere and hyphosphere soils of different AM fung were reported [27] . More bacterial species were encountered in hyphosphere than rhizosphere, but bacterial numbers were greater in rhizosphere than hyphosphere soil. The development of AM fungal mycelium in soil had little influence on the composition of the microflora of hyphosphere, while AM colonization was positively related with bacterial numbers in hyphosphere. They observed that AM fungi and other rhizosphere organisms interacted positively and affected the acquisition of other nutrients mostly through alteration of root morphology.
role of am in other mineral absorption
The rate of uptake of nutrients by the plants may be limited by its rate of diffusion through the soil .Hyphae of AM fungi, which extend beyond the plant rhizosphere can take up N and transport it into the rooting zone and this can increased uptake of Zn, Mn and Fe in plants due to the inoculation with AM fungus Glomus fasciculatum [28] . According to them promotion of plant growth with the help of mycorrhizal infection may be through direct acquisition of nutrients by the fungus or indirectly by modifying transpiration rates and the composition of rhizosphere microflora. They also reported in soybean that, at low and medium P levels the root AM fungal colonization and growth of root nodules increased in the presence of Rhizobium. They also realized that AM and rhizobial treatments had a tendency to suppress the acquisition of seed Al, Cu and Fe. Low input agricultural systems that do not rely on fertilizers might be more dependent on AM fungi than conventionally managed systems 
VII. Rhizobia
Rhizobia are special bacteria that can live in the soil or in nodules formed on the roots of legumes. In root nodules, they form a symbiotic association with the legume, obtaining nutrients from the plant and producing nitrogen in a process called biological nitrogen fixation, or BNF. The rhizobia are broadly classified as fast-or slow-growing based on their growth on laboratory media. Rhizobia are further classified according to their compatibility with particular legume species. Farmers can stimulate BNF by applying the correct rhizobia to their legume crops, a process called inoculation. The module describes the diversity of rhizobia and the selection of superior strains, as well as plant and environmental factors that affect rhizobia in the soil.
the iimportance of native rhizobia
It is important to consider the numbers and types of native rhizobia in the soil because they can affect the results of inoculating legume seeds with introduced rhizobia. Remember that native rhizobial populations are diverse, containing effective and ineffective strains. These native rhizobia can affect the results of inoculation in two ways. If there are already many native rhizobia in the soil that can nodulate a legume crop and induce BNF, then inoculating seed may not produce any further benefits. For example, if a farmer has grown peanuts for some years, there may be many native rhizobia in the soil that are effective on peanut. Adding more rhizobia in an inoculant may not make any difference. On the other hand, native rhizobia may compete with introduced rhizobia to form nodules on legume plants. In this case, the nodules on the legume are formed by the native rhizobia and not by the rhizobia introduced in the inoculant. If the native rhizobia are not as effective at fixing nitrogen as the introduced strains, then plants will not get the maximum benefit from BNF.
rhizobium-induced nodule formation nod factors
Root-nodule formation involves growth responses in the epidermis as well as cortex of the root. This implies that the bacteria redirect the development of fully differentiated plant cells. The bacterial signals that set this in motion are the so-called nodulation (Nod) factors. Nod factors of the different Rhizobium species have a common basic structure; a b-1,4-linked N-acyl-D-glucosamine backbone of mostly four or five units, containing a fatty acid at the non-reducing terminal sugar [30] . The biosynthesis of the basic Nod-factor structure is catalysed by the bacterial NodA, NodB and NodC proteins. NodC is an N-acetylglucosaminyl-transferase and catalyses the synthesis of the chitin oligomer and controls the length of this backbone. The terminal nonreducing glucosamine unit of this oligomer is deacetylated by NodB, and subsequently substituted with an acyl chain by NodA. Several other Nod proteins, which can be specific for a certain Rhizobium species, modify a terminal sugar residue or determine the nature of the acyl chain [31] . These modifications define the biological activity and host specificity (see below) of Nod factors. The major difference between both Nod factors concerns the presence of a sulfate group at the reducing terminal sugar of the S.meliloti factor and the structure of the acyl chain. Since bioactivity of Nod factors is controlled by their structure it is very likely that they are recognized by receptors of the host. However, such receptors have not been cloned. Biochemical studies have shown that a few Nod-factor binding proteins occur, but it is not yet clear whether these are Nod-factor receptors [32].
nodulation process
Nod-factor-secreting rhizobia induce 'shepherd's crook'-like curling of root hairs within 1-2 days of inoculation (Figure1). Rhizobium uses the microenvironment within such curls to establish an infection site. They locally degrade the plant cell wall and enter the root hair via invagination of the plasma membrane [33] . Vesicles are directed to the invaginated membrane, leading to the formation of an 'inward tip growing' tubular structure, the infection thread (Figure 1 ). In general, Nod factors are not sufficient to trigger root-hair curling and infection-thread formation, but they play a crucial role in the infection process, since infections can only be initiated when the bacteria secrete specific Nod factors [34]. Results obtained with bioassays have provided some insight into the mechanism by which Nod factors alter the growth pattern of root hairs. Such studies have most extensively been carried out using vetch (Vicia sativa). Vetch-root hairs which respond morphologically to the application of Nod factor have almost terminated growth. The morphological changes start with swelling of the root hair tip, which occurs within 1 h of Nodfactor application. This swelling is the result of isotropic growth, is accompanied by the formation of a calcium gradient at the plasma membrane and requires protein synthesis. At these swollen tips, new tip growth is initiated and the cyto-architecture of the resulting outgrowth shows a strong resemblance to that of normal growing root hairs. Such studies show that Nod factors can re-induce (tip) growth in root hairs. However, it remains unclear how Nod-factor secreting bacteria can redirect tip growth in such way that shepherd's crooklike curls are formed. Furthermore, whether/how the bacteria exploit and modify this growth process for infection-thread formation remains to be resolved. Nod-factor-induced growth responses in root hairs are preceded by rapid physiological changes.
VIII.
Dual Inoculation Of AM Fungi And Rhisobium And Their Importance 1. innoculum production of am fungi and rhizobium AM fungi and Rhizobium had the capability to increase soil nutrients and water absorption as plant symbionts and also protect the plants from root pathogens under different pathosystems [36] . Beside these microorganisms also offers an alternative to chemical control and now used as a potential tool in the moderns agricultural system. The main obstacle is to produce large quantities of inoculum because of their obligate nature. The large-scale productions of AMF inoculums require control and optimization of both host growth and fungal development. The microscopic sizes of AMF, together with the complex identification processes also contribute to the pitfalls of inoculum propagation. The inoculum propagation process entails the following stages.
1. Isolation of AMF pure culture strain. 2. Choice of a host plant.
Optimum growing conditions
The use of Rhizobia with mycorrhizal fungi is more beneficial for reducing the damage caused by pathogens [36] as well as improving soil characteristic parameters and crop quality produce.
am fungi and rhizobium with soil component
Microorganisms in the soil constitute less than 0.5% (w/w) of the soil mass; yet they have major impact on soil properties and processes [37] . Soil microflora constantly interacts with each other and such interactions are very dynamic in nature. Microbe-microbe, plant-microbe, soil-plant, and soil-plant-microbe interactions are very important in crop production under field conditions. Interestingly, majority of the root systems of the legumes are naturally infected with arbuscular mycorrhizal (AM) fungi, which augments efficient uptake of phosphorus from the soil. In legume plants the importance of AMF symbiosis has been attributed to high phosphorus requirements and enhanced phosphorus uptake. Soil microorganisms produce a certain a number of extra cellular enzymes to break down organic matter before being absorbed by the crop. There are quite variations in enzymes activities point of view especially in forest soils to bear correlation with fungi and bacteria [38] . In additional to this, much has been done and shared on the interactions of rhizobia for grain legumes in particular and for some tree legumes but little is known as the response of tree legumes [39] .
interaction of rhizobium with mycorrhiza
The role of mycorrhizal fungi, especially the arbuscular mycorrhizae (AM fungi) belonging to the Zygomycetes class in phosphorous mobilization in soils having a relatively low level of available phosphorous, is well established for cereals as well as legumes. AM fungi are obligate symbionts but they are not host specific. Associative actions of mycorrhizal fungi in legumes has a great impact on root and shoot development and phosphorous uptake which results in the enhancement of nodulation and nitrogen fixation. There are several studies reporting the interactions between AMF and Rhizobium sp. [16] . Research has provided evidence that the genetic pathway of AM symbiosis is shared in part by other root-microbe symbioses such as N2-fixing rhizobia [40] . This specific relationship between AM fungi and Rhizobium provided an insight into specific functional compatibility interactions between AMF and their management when used as biofertilizers or biocontrol agents.
role of am and rhizobium on other nutrients absorption
The rate of nutrients uptake may be modulated by the presence or absence of AM Fungi or Rhisobium inoculation in leguminous crops. Hyphae of AM fungi into root zones extend even beyond the plant rhizosphere and take up nutrients well as transport it into the rooting zone. AMF contributed substantially to Cu, Zn and Cd uptake in bean [28] . AM Fungi and rhizoidal combination suppressed the tendency for the acquisition of seed Al, Cu and Fe. They found that low input agricultural systems that do not rely on fertilizers might be more dependent on AM fungi than conventionally managed systems. According to [28] plants can adapt to changing soil nutrient levels by shifting their dependence on AM fungus and rhisobium. The fixation capability of rhisobium is a factor in sustainable agriculture point of view. Nitrogen is fixed and then enriches the soil in terms of nitrogen and thus soil properties are subsequently improved.
am-rhizobium interaction and nitrogen nutrition
Legumes are primarily known for their ability to fix nitrogen with the help of root nodule bacterium, Rhizobium. Mirrer, R.M., and Jastrow, J.D. 2000 reported increase in nodulation and nitrogen fixation in legumes following inoculation with mycorrhiza. They found that prior inoculation of one entophyte either AM fungus or Rhizobium, inhibited the development of the other in soybean. He also exploited the GlycineGlomus-Rhizobium symbiosis and found that micro-symbiont structures and nodule activity were significantly lower in tripartite combination than in plants colonized by only one symbiont. Dual inoculation with AM fungi and rhizobium enhances rates of mycorrhizal colonization, shoot dry weight, N and P content and nitrate reductase activity in comparison with inoculation the single bioferilizer or without inoculation [41].
nodulation in relation to rhizobium, am fungi and other soil factors in legumes
The root systems of leguminous plants are characterized by nodules harbouring nitrogen fixing bacteria Rhizobium. The nodulation and nitrogen fixation are controlled by many factors. The host genotype and Rhizobium as well as AM Fungi strains are critical in nitrogen fixation. It was also found that tropical legumes showed poor growth due to increase in Phosphorus concentration and excessive temperature, which inhibits symbiotic N fixation. The interaction of different factors influences the nodulation and nodule colonization of leguminous plants.
IX. Am-Rhizobium And Changes In Root Growth And Morphology
The colonization by AM fungi results in morphological changes to the root, leading to an increased surface area of root [42] . Roots are the structural support of the plants and play the paramount role in absorption of water and supply mineral nutrients for a wide range of microorganisms. Changes in root morphology will ultimately affect the plant's responses to other organisms and influences the crop health. AM fungal-colonized roots are more highly branched which means that the root system contains shorter, more branched, adventitious roots of larger diameters and lower specific root lengths [43] . When plants are AM inoculated, they possess a strong vascular system, which imparts greater mechanical strength to diminish the effects of pathogens. The Rhizobium had the ability to increase the nodulation in leguminous plant which increases in plant vigor besides protecting roots from the attack of pathogen.
X. Rhizobacterial Factors In CROP GROWTH Promotion
Research on the use of rhizobacteria to promote plant growth (legumes as well as non-legumes) has increased dramatically over the last few years due to potential benefits observed in the use of PGPR or NPR, both under cultural conditions as well as under field conditions. A diverse array of bacteria, including species of Pseudomonas, Azospirillum, Azotobacter, Bacillus, Klebsiella, Enterobacter, and Serratia has been shown to enhance plant growth. The mechanisms by which these rhizobacteria enhance plant growth are multitudinous which include production of plant growth-regulating substances (PGRs), phytohormones, suppression of plant pathogens through antibiosis, bacteriocinogenic action, siderophore production, nitrogen fixation, mineralization of organic phosphorus, production of phytoalexins/flavonoids-like compounds, enhancement of mineral uptake, etc [44] . The cumulative effect of these complex interactions among plant roots and various microbial populations can result in plant growth promotion and or pathogenesis and decay. This section will focus on plant growth promotion by rhizobacteria either directly or indirectly. Rhizobacteria can stimulate growth by producing plant growth regulators known as phytostimulators in the absence of pathogens. Many phytostimulators are plant hormone analogues, meaning PGPR produce an identical or nearly identical compound that mimics the action of a plant hormone. These substances are usually light weight volatile organic compounds. Thus far, known phytostimulators include indole-acetic acid (IAA), gibberelic acid, cytokinins, and in some cases ethylene [44] .The plant responses to PGPR have been excellently reviewed elsewhere [45] .
XI. Rhizobium With Mycorrhiza And Host Plants
Inoculation with an effective Rhizobium combination with AM fungi (Glomus sp.) had a variable effect on plant growth enhancement, nodulation, and N2 fixation. There are various studies in the literature describing many significant findings in the synergistic interaction between AMF and asymbiotic N2-fixing bacteria [46] ; [47] , [48] ; [26] . The role of AM fungi as P suppliers to legume root nodules is of great relevance when a specific AM fungus, Rhizobacterium sp. known for effective nodulation and N2 fixation was found in a mycotrophic legume Anthyllis cytisoides in a Mediterranean semi-arid ecosystem in Spain. The strain Glomus intraaridices was found to be more effective with Rhizobium sp. NR 4, whereas Glomus coronatum was effective when co-inoculated with Rhizobium sp. NR9 strain. Research has provided evidence that the genetic pathway of AM symbiosis is shared in part by other root-microbe symbioses such as N2-fixing rhizobia [40] . Such specific interactions between AM fungi, Rhizobium, and PGPR have provided an insight into specific functional compatibility relationships between AMF and PGPR and their management when used as biofertilizers or biocontrol agents.
rhizobium with mycorrhiza and host plant architecture
Legume plants can form tripartite symbiotic associations with rhizobia and arbuscular mycorrhizal (am) fungi, but little is known about effects of co-inoculation with rhizobia and am fungi on plant growth, or their relationships to root architecture as well as nitrogen (n) and phosphorus (p) availability. it was reported that two soybean genotypes contrasting in root architecture were grown in a field experiment to evaluate relationships among soybean root architecture, amf colonization, and nodulation under natural conditions ( [40] . Additionally, a soil pot experiment in greenhouse was conducted to investigate the effects of co-inoculation with rhizobia and AM Fungi on soybean growth, and uptake of n and p. results indicated that there was a complementary relationship between root architecture and amf colonization in the field. The deep root soybean genotype had greater amf colonization at low p, but better nodulation with high p supply than the shallow root genotype. a synergistic relationship dependent on n and p status exists between rhizobia and am fungi on soybean growth. Co-inoculation with rhizobia and am fungi significantly increased soybean growth under low p and/or low n conditions as indicated by increased shoot dry weight, along with plant n and p content.
Am Fungi And Alleviation Of Soil Heavy Metal Stress
Some heavy metal elements such as Cu, Fe, Mn, Ni and Zn are essential for normal growth and development of plants. These metals are required in numerous enzyme-catalyzed or redox reactions, in electron transfer, and have structural function in nucleic acid metabolism [49] . In contrast, metals like Cd, Pb, Hg, and As are not essential [49] and may be toxic to plants at every low concentration in soils. Heavy metals occur in terrestrial and aquatic ecosystems from both natural and anthropogenic sources, and are also emitted into the atmosphere. At high concentration heavy metals interfere with essential enzymatic activities by modifying protein structure or by replacing an essential element, resulting in deficiency symptoms. AM Fungi and Rhizobium are significant in remediation of contaminated soils as accumulation [50] . The external mycelium of AM fungi of AM Fungi allows for wider exploration of soils volumes by spreading beyond the root exploration zone [6], thus providing access quantities of heavy metals present in the Rhizosphere. High concentration of metals is also stored in mycorrhizal structures in the root and in fungal spores. AM Fungi and Rhizobium can also increase plant establishment and growth despite high level of soil heavy metals due to improved nutrition 
Improved Soil Quality
Plant health and soil productivity are rooted in soil, and the quality of soils depends on the viability and diversity of its biota which determine the structures that support a stable and healthy agro-ecosystem. The goals of sustainability in agriculture could be viewed broadly as ''maximum plant production with a minimum of soil loss''. In this scenario of balanced agro-system inputs and outputs, the relevance of mycorrhizal endophytes has been described as that of a fundamental link between plants and soil [41] . They have showen how the affinity between mycorrhizae along with Rhizobium and soil aggregates vary with root characterizes, with the intensity of root colonization, and with the quantum of soil mycelium associated with the root system.
4.Resilience Of Problematic Soils
Since the advent of civilization, the fertile top soil has been degrading due to various environmental and ecological factors like saline and Sodic soils, eroded soils, industrial waste lands, soils from mining regions, degraded forest lands, sands dunes and deserts etc. In these soils the native vegetation and animal communities scarred to endangered. Therefore, rehabilitation of these soils in a global problem and the afforestation and other agricultural activities are in progress but only limited success has been achieved. AM Fungi have been found to grow up to salinity of 12dSm -1 electrical conductivity and increased the uptake of P, N, S and microorganisms in crop [52]. The letter could be due to high metal sorption capacity of these fungi, which could filter metal ions during uptake [52]. However, the competitivity of such metal tolerant AM fungi IN the field is often not known and should be investigated.
XII. Conclusion
The aim of the present review was to investigate the effect of Rhizobium and Arbuscular Mycorrhizal fungi inoculation, both individually and in combination on crop growth and chemical properties of Rhizospheric soils in high plants. Dominant Arbuscular Mycorrhizal fungi, either alone or in combination with Rhizobium inoculants, can establish a symbiosis with legumes and other high major plants, which results in growing better and producing more either under laboratory or field conditions. Recently, the review showed that treatments with Arbuscular Mycorrhizal Fungi and Rhisobium significantly improve root morphology, the whole crop growth as well as soil properties in rhisospheric soils. The above reviewed studies have revealed that common host genes are involved in both the Rhizobial and Mycorrhizal interactions. This finding has an important implication, since in contrast to Rhizobium, AM fungi have the ability to interact with a wide range of higher plants and both combined together influence significantly the growth, root morphology and chemical properties of the rhisospheric soils of compatible plants. The beneficial effects of the rhizobacteria and AM Fungi in enhancing root development associated with increase in nodule biomass by native as well as co-inoculated Rhizobium strains are well documented. Various studies have also provided an evidence of different mechanisms by which there is an increase in crop productivity and the disease suppressive ability of these microorganisms in rhizosheric soils. There is still not enough data to suggest the establishment of the newly isolated rhizobacterial strains and AM Fungi in the rhizosphere, but further studies using genetically marked strains should make it possible to determine their exact role in rhizosphere establishment.
